N igella sativa L. belongs to the Ranunculaceae family and is an indigenous herbaceous plant that is more commonly known as the fennel flower plant. It is also known as black cumin (in the United Kingdom) and black caraway (in the United States). It grows throughout the Mediterranean countries and is cultivated extensively in India and Pakistan. In Egypt and the Middle East, the black seed oil is commonly used for certain cases of chronic cough and bronchial asthma (1-3). Many studies have been conducted, particularly during the last two decades, on the effect of N. sativa L. seed extracts in various in vitro or in vivo studies (4). A qualitative examination of N. sativa L. seeds has revealed the presence of fixed and volatile oils, proteins, flavonoid glycosides, alkaloids (mainly magnoflorine), and saponins (5-7). Magnoflorine is an aporphine type of isoquinoline alkaloid that acts as an antioxidant (8) and lipoxygenase inhibitor (9, 10) with cytotoxic (11), immunosuppressive (12), and antimicrobial (13, 14) properties. Thymoquinone, dithymoquinone, and thymol are the pharmacological active components in the volatile oil. The polar extracts of the seeds of N. sativa L. showed many biological activities, and saponins were found to be the main chemical constituents (7).
N igella sativa L. belongs to the Ranunculaceae family and is an indigenous herbaceous plant that is more commonly known as the fennel flower plant. It is also known as black cumin (in the United Kingdom) and black caraway (in the United States). It grows throughout the Mediterranean countries and is cultivated extensively in India and Pakistan. In Egypt and the Middle East, the black seed oil is commonly used for certain cases of chronic cough and bronchial asthma (1) (2) (3) . Many studies have been conducted, particularly during the last two decades, on the effect of N. sativa L. seed extracts in various in vitro or in vivo studies (4) . A qualitative examination of N. sativa L. seeds has revealed the presence of fixed and volatile oils, proteins, flavonoid glycosides, alkaloids (mainly magnoflorine), and saponins (5) (6) (7) . Magnoflorine is an aporphine type of isoquinoline alkaloid that acts as an antioxidant (8) and lipoxygenase inhibitor (9, 10) with cytotoxic (11) , immunosuppressive (12) , and antimicrobial (13, 14) properties. Thymoquinone, dithymoquinone, and thymol are the pharmacological active components in the volatile oil. The polar extracts of the seeds of N. sativa L. showed many biological activities, and saponins were found to be the main chemical constituents (7) .
A number of analytical methods have been reported for the analysis of thymoquinone alone or quinones (15) (16) (17) (18) (19) . HPLC (15, 16) , TLC (17) , and pulse polarographic (18) methods were reported for the determination of thymoquinone and/or other quinones in the oil of N. sativa L. seeds. Ramadan et al. (19) described the GC method for the analysis of glycolipids from N. sativa L. seeds. The whole seed of Nigella is sometimes subject to adulteration by onion seeds because of similarity with N. sativa L. seeds (20) . To ensure the safety of consumers and to enable manufacturers to establish meaningful QC measures, an analytical method involving quantitative determination and chemical fingerprint analysis has been developed. However, no method has been developed for the analysis of saponins from the seeds of N. sativa L. by HPLC with photodiode array detection. Recently our group isolated saponins and flavonoid (kaempferol glucoside) from N. sativa L. which were used for method development. This paper reports a simple HPLC method that detects and quantifies one alkaloid magnoflorine; 1; one flavonoid glycoside (kaempferol
and six saponins and one quinine (sieboldianoside A; 3; tauroside H2, 4; tauroside G3, 5; decaisoside D, 6; sapindoside B, 7; thymoquinone, 8; and tauroside E, 9 ( Figure 1 ). The compounds were numbered by the order of elution using an LC-UV method (Figures 2 and 3) . The analytical method was also applied to a dietary supplement claiming to contain N. sativa L. The LC-electrospray ionization (ESI)-time-of-flight (TOF) analysis was performed for the confirmation of nine compounds in plant sample and products that claim to contain N. sativa L.
Experimental

Instrumentation and Chromatographic Conditions
LC-UV Analysis
The HPLC system consisted of a Waters Alliance 2695 HPLC system, equipped with a 996 photodiode array detector (Waters Corp., Milford, MA). A computerized data station was equipped with Waters Empower 2 software. A Gemini C18 column (150 ´ 4.6 mm; 5 mm particle size) from Phenomenex (Torrance, CA) was used as stationary phase, and temperature was maintained at 35°C. The column was equipped with a 2 cm LC-18 guard column (Phenomenex). The mobile phase consisted of water with 0.1% acetic acid (A), and acetonitrile with 0.1% acetic acid (B) at a flow rate of 1.0 mL/min. Analysis was performed using the following gradient elution: 95% A/5% B, hold for 3 min; next to 20% A/80% B for 22 min. Each run was followed by a 5 min wash with 100% B and an equilibration period of 15 min with 95% A/5% B. The detection wavelengths were 205 and 260 nm. A 10 mL amount of sample was injected, and peaks were assigned by spiking the samples with standard compounds and comparing the UV spectra and retention times with those of standards.
LC-ESI-TOF System
The LC system used was an Agilent Series 1100 composed of the following modular components: quaternary pump, a vacuum solvent microdegasser, and an autosampler with 100-well tray. The MS analysis was performed on an LC-ESI-TOF (Model G1969A, Agilent Technologies, Palo Alto, CA) equipped with an ESI source. All acquisitions were performed under positive ionization mode with a capillary voltage of 3500 V. Nitrogen was used as the nebulizer gas (35 psig) as well as drying gas (11 L/min, 350°C). The voltage of the photomultiplier tube, fragmentor, and skimmer was set at 850, 100, and 60 V, respectively. Full scan mass spectra were acquired from m/z 150 to 1500. Data acquisition and processing was done using the Analyst ™ QS software (Agilent Technologies). Separation was achieved on a Gemini C18 column; 150 ´ 4.6 mm id, 5 mm particle size (Phenomenex). The column was equipped with a guard column (Supelco, Bellefonte, PA). The temperature of the column was maintained and used at ambient temperature. The mobile phase consisted of water with 0.1% acetic acid (A), and acetonitrile with 0.1% acetic acid (B) at a flow rate of 0.5 mL/min, with gradient elution as follows: 0 min, 89% A/11% B to 100% B over 20 min. Each run was followed by a 5 min wash with 100% B and an equilibration period of 11 min with 89% A/11% B. The total run time for analysis was 20 min. A 10 mL amount of sample was injected, and peaks were assigned with respect to the mass of the compounds and comparison of the retention times.
Chemicals
The standard compounds (1-7, 9) were isolated at National Center for Natural Products Research (NCNPR). The identity and purity were confirmed by chromatographic (TLC, HPLC) and spectroscopic methods (IR, 1D-and 2D-NMR, HR-ESI-MS) and by comparison with the published spectroscopic data (21) (22) (23) (24) (25) (26) . Thymoquinone (8) was purchased from Sigma (St. Louis, MO).
Acetonitrile and acetic acid were of HPLC grade purchased from Fisher Scientific (Fair Lawn, NJ). Water for the HPLC mobile phase was purified in a Milli-Q system (Millipore Corp., Bedford, MA). Plant materials studied are seeds of N. sativa L. (NCNPR code Nos. 2924, 3807; NS-1, NS-2). Dietary supplement (ND) claiming to contain cumin seeds was purchased through the Internet. NS-1 was procured from Frontier Natural Products Co-op., Norway, IA. 
Preparation of Standard Solutions
An individual stock solution of standard compounds was prepared at a concentration of 1.0 mg/mL in methanol. The calibration curves were prepared at five different concentration levels. The range of the calibration curves was 1-100 mg/mL for compounds 1-2 and 50-500 mg/mL for compounds 3-7 and 9, and 0.5-100 mg/mL for compound 8 by LC-UV. Table 1 shows the calibration data and the calculated LOD by LC-UV.
Preparation of Sample Solutions
Sonication method.-Dry ground seeds (500 mg) of N. sativa L., or average weight of capsule content, were sonicated in 2.5 mL methanol for 30 min followed by centrifugation for 15 min at 3300 rpm. The supernatant was transferred to a 10 mL volumetric flask. The procedure was repeated three times, and respective supernatants were combined. The final volume was adjusted to 10.0 mL with methanol and mixed thoroughly. Prior to injection, an adequate volume (about 2 mL) was passed through a 0.45 mm nylon membrane filter. The first 1.0 mL was discarded and the remaining volume was collected in an HPLC sample vial. Each sample solution was injected in triplicate.
Microwave extraction.-Dry ground seeds (500 mg) of N. sativa L., or average weight of a capsule content, were weighed accurately and placed in Teflon digestion vessels. A 10 mL portion of methanol was added to each vessel. A digestion blank was included by adding 10 mL methanol to an empty vessel. The vessels were capped tightly for closed-vessel digestion. The samples were digested by using a CEM MARS XPress microwave digestion system (CEM Corp., Matthews, NC). After the vessels were placed in the microwave oven, a digestion program (800 W; 100% power; ramp time, 5 min; control temperature, 75°C; hold time, 15 min) was begun. At the end of the program, sufficient time was allowed for the temperature to drop to <50°C before the vessels were removed from the oven. Upon completion of the microwave digestion, the samples were transferred to 10 mL volumetric flasks and the solutions were diluted to volume with methanol, and mixed thoroughly. Prior to injection, an adequate volume (about 2 mL) was passed through a 0.45 mm nylon membrane filter. The first 1.0 mL was discarded and the remaining volume was collected in an HPLC sample vial. Each sample solution was injected in triplicate. 
Results and Discussion
Chromatographic Conditions
Thymoquinone Stability
Thymoquinone is a light-and heat-sensitive compound. According to Smith and Tess (27) , when exposed to light for 5 days, thymoquinone gradually converts to dithymoquinone (70-80%) and some other derivatives. Robbins and Falvey (28) have reported that dithymoquinone can undergo redox-cycling reactions. In our study, one set of samples was exposed to light and one set was protected from light. The set exposed to light for 1 week, showed a degradation of products by LC-UV method (Figure 4) .
Accuracy, Precision, and Linearity
The five-point calibration curves for all nine compounds showed a linear correlation between concentration and peak area. Calibration data (Table 1) indicated that the linearity (r 2 > 0.999) of the detector response for all standard compounds was 1-100 mg/mL for compounds 1-2, 50-500 mg/mL for compounds 3-7 and 9, and 0.5-100 mg/mL for thymoquinone (8) . The LOD and LOQ for compounds 1-9 were in the range of 0.09-10 and 0.3-25 mg/mL, respectively. The LOD and LOQ were defined as the S/N equal to 3 and 10, respectively. All standards and samples were injected in triplicate. Multiple injections showed that the results are highly reproducible with low standard error. Accuracy of the method was confirmed by performing a recovery experiment.
Sample (NS-1), after extracting and drying four times, was spiked with known amounts of the standard compounds at two different concentrations (50 and 100 mg/mL for compounds 1-9), extracted, and analyzed under optimized conditions. Compared to the theoretical amounts, recoveries of 97.2-104.5% for compounds 1-9 were obtained. Intraday and interday variations of the assay were determined and were shown to be lower than 5%, with a maximum RSD of 3.70%. The assay was performed three times on 3 different days and was injected in triplicate.
Analysis of Plant Samples
The identification of the compounds in Nigella samples was based on retention times and comparison of UV spectra with those of authentic standards. The developed method was used for analysis of nine compounds in N. sativa and a commercial sample of Nigella. Table 2 extracted using conventional sonication and microwave extraction methods. Extraction conditions were optimized by varying the time and temperature of extraction. All extractions were carried out in the dark. Sonications were carried out at room temperature for two time intervals (15 and 30 min). Microwave extractions were performed at 75°C for 15 min, and 75°C for 30 min. Upon comparison, the 30 min sonication and 15 min microwave extraction at 75°C, provided the best conditions for complete extraction. Although recoveries of standard compounds were equivalent for both of the above extraction conditions, microwave extraction was considered to be better, as it required less time and involved fewer steps. Figures 2 and 3 show HPLC-UV chromatograms of N. sativa plant materials and dietary supplement extracted by sonication and microwave extraction, respectively.
Magnoflorine (1) was present in the levels from 0.056 to 0.126% and kaempferol glycoside (2) in NS-1, NS-2, and ND-1 was present at levels of 0.077, 0.036, and 0.041%, respectively. Compounds 3-6 and 9 were in the range of 1.23-1.67, 0.05-0.11, 0.03-0.06, 0.03-0.04, and 0.01-0.02% in samples of NS-1, NS-2, and ND-1, respectively, using sonication method. Sapindoside B (7) was detected below the LOQ in samples of NS-1, NS-2, and ND-1. Thymoquinone (8) (Figure 9 ). The key fragments detected for compounds 4-7 and 9 were similar to compound 3 ( Table 3 ). Compounds 4-7 and 9 have hederagenin as their aglycone which is similar to that of sieboldianoside A (3) (Figure 1 + (mass of kaempferol). These ions were ascribed to the loss of water and sugar from the core skeleton ( Figure 9 ). In conclusion, the developed method proved to be an accurate and reliable analysis tool capable of detecting nine compounds in plant samples and a commercial product. The developed method is simple, economic, and especially suitable for QC analysis of products.
